Cortical e.e.g. and multiple unit activity (m.u.a.) of the mesencephalic reticular formation, the anterior hypothalamic area, the basal nuclear group of the amygdala and the dorsal hippocampus were studied before and following i.p. injection of different doses of ketamine hydrochloride and a barbiturate in cats with chronically implanted electrodes. Barbiturate administration resulted in a rapid decrease in m.u.a. in the mesencephalic reticular formation which was accompanied by a significant decrease of activity in the limbic structures. No m.u.a. response was observed to visual, acoustic or somatosensory stimulation or to pain. The m.u.a. of the mesencephalic reticular formation and limbic structures increased gradually following ketamine injection. Intermittent or continuous hypersynchronous activity was characteristic in the cortical e.e.g. During the hypersynchronous activity the responsiveness of m.u.a. in the mesencephalic reticular formation, to visual and acoustic stimuli, was blocked. Somatosensory and painful stimulation, however, resulted in a significant increase in the activity both of the mesencephalic reticular formation and of the limbic neuronal pools.
also (Domino, Chodoff and Corssen, 1965; Corssen, 1970; Mori et al., 1971; Collier, 1972; Cronin et al., 1972; Hervey and Hustead, 1972) .
The aim of the present work was to compare the actions of ketamine (Ketalar) and pentobarbitone (Nembutal) on the level of c.n.s. activity and on the responsiveness to different sensory stimuli.
METHODS
The experiments were performed on six cats of both sexes (weight 2.5-4.0 kg). Standard stereotaxic procedure was used to implant cortical stainless steel screw electrodes and subcortical semi-microelectrodes (nichrome wire, diameter62.5 [zm),insulated with enamel at the factory, and cut to give an uninsulated tip. The electrodes were directed to the following structures: mesencephalic reticular formation (MRF), anterior hypothalamic area (AH), the basal nuclear group of the amygdala (AMY) and the dorsal hippocampus (HIPP).
The method for recording m.u.a. was based on that of Guzman-Flores and Alcaraz (1970) . This technique records the activity of small neuronal pools. The analyser device, built from operational amplifier circuits, analysed simultaneously m.u.a. from four subcortical structures. The neuronal spikes of a given height were chosen by means of a voltage gate. The output of the spike discriminator was fed to a staircase generator and multivibrator system which drove the pen of the driver amplifier of the e.e.g. apparatus (EMG-Orion type EEG 4) and reset to zero every 16 pulses. This produced a saw-tooth line on the e.e.g. channel ( fig. 1) .
During the experiments cats were placed in an electrically shielded, sound-attenuated, dimly illuminated chamber with a glass front which allowed observation of the animal. The chamber was equipped with a loudspeaker which emitted the sound for auditory stimulation. Continuous m.u.a. recording was made for 2 hr before, and for 4 hr following, administration of the anaesthetic agents. Ketamine was injected i.p. in doses of 20 mg/kg, 40 mg/kg and 60 mg/kg (12 experiments on six cats). Pentobarbitone was injected i.p. in doses of 20 mg/kg and 40 mg/kg (four experiments on four cats). At least 7 days elapsed between the periods in which an animal received ketamine or pentobarbitone.
To test neuronal responsiveness in the cats, visual (nicker 1 Hz), acoustic (1000 Hz), somatosensory and painful stimuli were presented, each lasting for 10 sec.
Changes of m.u.a. were calculated as percentage values of the average activity recorded during the animal's quiet wakefulness in the control period.
At the end of the experiments the animals were sacrificed with an overdose of pentobarbitone. The electrode locations were checked according to the method described by Guzman-Flores, Alcaraz and Fernandez-Guardiola (1958) .
RESULTS
Ketamine 20 mg/kg i.p. initially produced ataxia and increased motor activity. Cataleptoid behaviour occurred within 8-10 min, lasting for 40-50 min during which continuous movements of head and limbs, bizarre postures, so-called pseudo-attentive behaviour, mydriasis as well as vertical nystagmus could be observed. Anaesthesia did not occur. The stereotyped motor activity still persisted 3 hr after ketamine administration. During recovery, the cats showed slightly increased locomotor activity, aversive reactions, escape or attack behaviour and vocalization.
Intraperitoneal administration of ketamine 40 or 60 mg/kg resulted in opisthotonus after a short period of ataxia, slow movements of the head, stretching of the forelimbs, hyperextension of the body, and increased muscular tone within 4-6 min. Ketamine induced a state of anaesthesia and intermittent hypersynchrony (2.5-3.5 Hz) including desynchronization in the cortical e.e.g. occurring 10-15 min after the injection ( fig. 1 ). The hypersynchronous wave patterns were superimposed on spikes or spike and wave complexes. M.u.a. in the mesencephalic reticular formation increased to a high level and remained increased over 3-5 hr. The rate of increase ranged from 180% to 250% of the control value of activity recorded during quiet wakefulness. The increase of activity in the mesencephalic reticular formation was accompanied by a significant increase of m.u.a. in the anterior hypothalamic area (170-190%), amygdala (128-160%) and hippocampus (130-200%) . Moreover, the firing pattern of amplitude-discriminated cell discharges was also influenced strongly by ketamine; characteristic bursts of neuronal spikes occurred in the reticular formation and hippocampus.
In the control period all subcortical structures responded to acoustic, visual and somatosensory stimulation by a significant increase in firing rate. During ketamine anaesthesia acoustic and visual responsiveness were blocked in both the mesencephalic reticular formation and limbic areas. A significant increase in somatosensory responsiveness was found in the MRF after ketamine and the highest firing frequency occurred in response to painful stimulation (figs. 2 and 3). Painful stimulation resulted in a significant acceleration of heart rate, but the cats failed to show a motor reaction. In the control period the heart rate varied between 110 and 130 beats/min; during ketamine anaesthesia this increased to 140-150/min and the average frequency was 200/min during painful stimulation ( fig. 4) . Although some short episodes, when m.u.a. and heart rate were unresponsive to pain, were observed after ketamine, the occurrence of these transient periods was unpredictable and showed no correlation with the dominant e.e.g. and m.u.a.
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I NX ISO 100 FIG. 4. Changes of heart rate during ketamine anaesthesia. P: painful; S: somatosensory stimulation.
The recovery period was characterized by rage reaction, vigorous vocalization and the absence of goal-directed escape behaviour. Complete recovery took 8 hr or more.
Pentobarbitone injection in a dose of 20 mg/kg i.p. did not induce anaesthesia in the cat. The m.u.a. of all subcortical structures was decreased and significant depression of activity was found in the MRF.
Pentobarbitone administration in a dose of 40 mg/ kg i.p. produced typical "barbiturate spindles" in the e.e.g. within 3-5 min. Ten minutes after injection MRF m.u.a. decreased to a very low, stable level, the firing frequency varying by about 2-3% of the activity recorded in the control period. A sharp decrease of m.u.a. was found also in the anterior hvpothalamic area, amygdala and hippocampus and the activity declined to 20-30% of the control values.
No m.u.a. response to acoustic, visual, somatosensory or painful stimulation during this stage of barbiturate anaesthesia was observed ( fig. 2) .
Between 60 and 80 min after induction of barbiturate anaesthesia the MRF m.u.a. began to increase slightly. However, it remained markedly depressed throughout the experiment. The first movement of the head occurred after 130-150 min, and this was followed by uncoordinated motor activity. Even at 3 hr after the barbiturate injection, MRF m.u.a. did not reach 50% of control activity.
DISCUSSION
Barbiturate anaesthesia resulted in a sharp decrease of multiple uni$ activity in the mesencephalic reticular formation accompanied by a significant decrease of activity in the anterior hypothalamic area, amygdala and hippocampus.
Ketamine produced a striking increase of m.u.a. both in the brain-stem and limbic structures. Intermittent hypersynchrony, including desynchronization superimposed by spikes or spike and wave complexes, dominated the cortical e.e.g. Several investigators (Kayamaand Iwama, 1972 ; Manohar, Maxwell and Winters, 1972; have considered the ketamine-induced e.e.g. activity as typical of the patterns seen in seizures. Ferrer-Allado and colleagues (1973) performed experiments in man with depth electrodes implanted in the limbic and thalamic regions, and observed that different doses of ketamine induced seizure activity in both brain areas. Our cortical e.e.g. findings and the markedly increased m.u.a. in the brain-stem and limbic structures together with the characteristic burst patterns of amplitude-discriminated cell discharges occurring in the MRF and hippocampus after ketamine confirm these earlier observations. Neuronal responsiveness to different types of stimulation, including pain, was completely abolished by barbiturate anaesthesia. Ketamine also induced interruption of acoustic and visual responsiveness, whereas somatosensory and painful stimulation resulted in a sharp increase of m.u.a. in each brain area.
It is accepted that the criteria for general anaesthesia are a low level of multiple unit activity in the brain-stem reticular system, the complete loss of arousal, and modulation of sensory inputs (Winters et al., 1967) . The barbiturate-induced anaesthesia meets these criteria; however, the present paper would suggest reconsideration of the analgesic effect of ketamine. Se estudiaron la actividad de unidad multiple (m.u.a.) y la electroencefalografia (EEG) cortical de la formacion reticular mesencefalica, la zona hipotalamica anterior, el grupo nuclear basal de la amigdala y el hipocampo dorsal, antes y despues de una inyeccion i.p. de diferentes dosis de hidrocloruro de quetamina y un barbiturico, en gatos con electrodos implantados cronicamente. La administration de barbiturico resulto en un rapido descenso en m.u.a. en la formacidn reticular mesencefalica acompanada de un descenso significativo de la actividad de las estructuras limbicas. No se observo respuesta alguna m.u.a. a la estimulacion visual, acustica y somatosensorial o al dolor. El m.u.a. de la formacion reticular mesencefalica y las estructuras limbicas aumentaron gradualmente despues de la inyeccion de quetamina. Fue caracteristica en el e.e.g. cortical una actividad hipersincronica continua o intermitente. Durante la actividad hipersincronica la correspondencia de m.u.a. en la formacion reticular mesencefalica a los estimulos aciisticos y visuales fue bloqueada. La estimulacion dolorosa y somatosensorial, sin embargo, resulto en un aumento significativo en la actividad tanto de la formacion reticular mesencefalica como de las rebalsas neuronales limbicas.
ELECTROENCEPHALOGRAMME ET ACTIVITE DES UNITES MULTIPLES PENDANT L'ANESTHESIE PAR LA KETAMINE ET LES BARBITURIQUES

